4
virulence genes (16). These stress studies identified a sigma factor, sigH, that was differentially 70 co-regulated with a large number of genes based on the type of stressor used, and a fatty acid 
Materials and methods

81
Animals
82
A total of 24 male baby goats (kids), approximately 3 weeks old, were obtained from a to ensure their JD-free status before inclusion in the study. Furthermore, environmental fecal 88 samples were randomly collected from each pen and were found to be negative for MAP by 89 culture and IS900 PCR. Kids assigned to the naïve control group were housed in a different 90 location than the other groups, and no contact was allowed between the naïve and challenged Vetmedica, Inc., St. Joseph, MO) (n=4), pgsH (n=6), or pgsN (n=6). A naïve control group (n=4) 98 was housed in a separate location than the other groups. All goats in the experimental groups 99 were challenged 60 days after vaccination. Blood and fecal samples were collected monthly 100 throughout the study for immunological and bacteriology analyses, as detailed below.
101
Intradermal skin tests were performed on all goats at 60 days post-vaccination (DPV), 6 months 102 post-challenge (MPC), and 12 MPC. All goats were euthanized and necropsied at 12 MPC for 103 bacteriology and histopathology analyses (Fig. 1) as the 1 x g sample). Next, the settled feces was centrifuged at 1000 x g for 15 minutes with the 7 supernatants harvested and centrifuged at 3000 x g for 15 minutes to obtain mycobacterial pellets
137
(designated as the 1000 x g sample). All of the pellets were washed twice and resuspended in 138 PBS, with the 1 x g sample resuspended in 1 ml and the 1000 x g sample resuspended in 0.5 ml.
139
Tissue specimens of tonsil, liver, spleen, jejunum, duodenum, ileum, mesenteric lymph 140 node, hepatic lymph node, prescapular lymph node, ileocecal lymph node, and ileocecal valve μg/ml), and nalidixic acid (100 μg/ml) was used to prevent non-mycobacterial contamination.
148
All plates were incubated at 37°C for 3 months.
149
Intradermal skin test
150
The intradermal skin test was performed on all goats at 60 DPV, 6 MPC, and 12 MPC. were diluted and multiplied by the dilution factor to obtain an OD reading. penicillin (100 IU/ml) and streptomycin (100 µg/ml)).
186
A total of 1x10 6 PBMCs per well were stimulated with 10 μg/ml Johnin PPD for 72 187 hours. IFN-γ levels were measured in culture supernatants using a monoclonal antibody-based with M. bovis and Johnin PPD at 60 DPV (Fig. 4A) , and M. avium, M. bovis, and Johnin PPD at 228 6 MPC (Fig. 4B ) and 12 MPC (Fig. 4C) shedding, a key attribute of an effective JD vaccine.
258
M. paratuberculosis colonization following immunization
259
Goat tissues collected at necropsy were cultured on solid media to estimate the level of lymph node, ileocecal lymph node, and ileocecal valve (Fig. 6A-F) . For pgsH, only the ileum 268 (Fig. 6C) , mesenteric lymph node (Fig. 6D) , and ileocecal lymph node (Fig. 6E) (Fig. 6D) and ileocecal lymph node (Fig. 6E ) when compared to the PBS group.
273
Most importantly, bacterial colonization levels of pgsN vaccinated goat tissues were significantly 274 reduced in all of the intestinal tissues and associated lymph nodes assayed when compared to the 275 PBS group (Fig. 6A-F) . Furthermore, pgsN goat tissues were significantly reduced in the 276 mesenteric lymph node (Fig. 6D ) and ileocecal lymph node (Fig. 6E) 
M. paratuberculosis lesions in vaccine groups
279
Tissues taken at necropsy were also subjected to gross and microscopic pathology jejunum specimen (Fig. 7A) bacilli were observed in any of the jejunum specimens (Fig. 7C) . The mesenteric lymph nodes 315 had moderate medullary histiocytosis with scattered, patchy aggregates of macrophages near the 316 corticomedullary junction. Very few microgranulomas were present within the cortex of each 317 specimen. No multinucleate macrophages, large granulomas, or acid-fast bacilli were detected.
318
Similar lesions were observed in the other lymph nodes, excluding the prescapular lymph node. were detected (Fig. 7D) . The mesenteric lymph node specimens had marked, diffuse medullary 330 paratuberculosis compared to Mycopar® or un-vaccinated groups (Fig. S1) .
331
Discussion
332
Vaccination is considered the most logical control strategy for controlling JD in 
